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AMIMCI 


Procedure*  have  been  developed  for  preparing  purified  alurninura- 
phosphata-adeorbed,  univalent,  bivalent,  and  pentavalent  botullnura  toxoiaa 
to  Immunize  man.  Ml  preparationa  were  wall  tolerated  and  elicited 
aa':  ief  ac  tory  antitoxin  raaponaea  In  man,  whether  administered  aa  a  aingle 
antigen  or  In  combination.  Pour  aeparate  pentavalent  Type  ABODE  toxoids 
produced  Immune  raaponaea  to  each  antigen  in  a  considerable  proportion  of 
Individuals  following  en  Initial  series  of  three  Injections.  A  booster 

Injection  admlnlatered  one  /;*.  . _  i  Initial  Injection  markedly 

Increases  the  antitoxin  tit*"  •  -*«♦  .rabla  antitoxin  tltera  were 
found  In  36  :o  100  per  cent  o t  c.ta  !uala  Immunized.  The  toxoids 

vera  antigenic  for  alee,  guinea  pigs,  an!  rabbits.  In  guinea  plga  the 
C'ixolua  afforded  a  high  level  of  resistance  to  challenge  with  toxins 
a 'do  ir.  lelired  by  various  routes. 
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I.  INTRODUCTION 


Botulism  In  human  beings  1 •  a  rare  disease.  Asa  result  there  exists 
no  heed  for  immunizing  large  numbers  of  persons  against  it.  It  is  useful, 
hovbver,  to  provide  immunization  for  laboratory  workers  engaged  In  studies 
and] Research  on  botulinum  toxins.  The  disease  occurs  world  wide1  though 
its  geographic  distribution  is  irregular.11  In  some  sreas  it  has  been 
a  serious  problem  in  domestic  animals  and  in  water  fowl.  The  prevalence 
among  sheep  and  cattle  in  Western  Australia  and  among  cattle  In  South 
Africa,  which  ved  on  toxic  carrion,  and  in  domestic  mink,  fed  on  Improperly 
handled  mammalian  or  fish  feed,  warranted  generalized  Ira.iunlzation  of 
these  animals  against  this  disease. 

Much  has  been  published  on  the  preperation  of  botulinum  toxoid*  since 
tha  first  reports  by  Weinburg  snd  Coy  in  1924,3  snd  the  antigenicity 
of  botulinum  toxoids  prepared  in  various  ways  hss  bean  demonstrated  in 
experimental  animals  by  a  number  of  eerly  investigators.*"®  The 
experimental  immunization  of  man  with  toxoid  was  reported  In  1934  and  1936 
by  Velikanov.10' 11  Melnik  and  Staroblnetz18  in  1936  showed  that  an  alura- 
preeipltated  toxoid  produced  antitoxin  in  guinea  pigs.  Preparation  of  an 
effective  Type  C  toxoid  for  the  control  of  botulism  in  sheep  and  cattle 
In  Australia  was  described  by  Bernetti  and  Hall13  in  1938. 
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Ksaon,1*  Sterne,1®  snd  their  associates  In  South  Africa  demonstrated 
thatl  mass  immunization  of  cattle  with  combined  Types  C  tnd  D  formal 
toxoids  effectively  snd  economically  reduced  cattle  losses  due  to  botulism. 
Research  was  intensified  during  World  War  II,  and  methods  for  the 
preparation  of  alura-preclpltated  Types  A  and  B  toxoids  of  high  antigenic 
value  in  experimental  animals  and  man  were  developed  bv  Nl*3  and 
associates1®' 17  in  the  United  States  and  by  Rice  et  air9"3  ■  in  Canada. 

Prevot  and  Brygoc?1  produced  Type  C  antitoxin  in  nan  by  immunization  with 
toxoid  prepared  from  toxin  extracted  from  bapterial  cells.  Methods  for 
the  preparation  of  Type  C  toxoid  for  the  control  or  botulism  In  domestic 
mink33"33  and  game  birds33"3*  have  also  been  described.  Barron  and  Reed37 
presented  a  systematic  study  of  methods  for  preparing  crude  alum- 
precipitated  Type  E  toxoid.  Crude  Type  E  and  Type  F  toxoids  have  been 
prepared  for  the  Immunization  of  animala  and  the  preparation  of  antitoxins.38 


Although  the  bivalent  Type  A3  toxoid  developed  and  produced  at  Fort 
Detricit  during  World  War  II  produced  satisfactory  immunity  In  mar.*1  as 
measured  by  serum  antitoxin  concentration,  undesirable  local  and  systemic 
reactions  to  Injections  of  the  relatively  crude  antigens  were  encountered. 
Subsequently,  procedures  for  preparing  a  purified  polyvalent  toxoid  of 
improved  clinical  acceptability  were  investigated  in  our  laboratories.  It 
is  ray  purpase  today  to  discuss  the  development  of  the  purified  botulinum 
toxoids  and  their  evaluation  in  man  and  laboratory  animals.  The  information 
to  be  presented  today  represents  s  summation  of  published  investigations 
carried  oat  in  our  laboratories  by  Du.f,53"3*  Wright,53  Gordon,58  Fiock,*7"53 
Cards  1 ia,80"93  and  our  associates.  A  brief  outline  of  the  methods  employed 
in  preparing  the  purified  toxins  and  toxoids  will  be  presented  first. 


Following  this,  data  obtained  on  the  assessment  In  man  of  univalent,  bivalent, 
and  pentavalent  preparations  will  be  presented.  The  concluding  section  of 
this  report  will  present  studies  on  the  efficacy  o£  toxoids,  based  on 
development  of  antitoxin  titer  and  resistance  afforded  actively  Immunized 
animals  to  challenge  with  toxin  by  various  routes. 


High-potency  Types  A,  B,  C,  D,  snd  C  toxins  were  produced  by  growing 
highly  t  sxigenlc  strains  of  Clostridium  hotullnom  In  culture  media  that  were 
composed  of  commercially  available  com cituent s .  Production  aethode  could 
be  applied  readily  on  a  scale  suitable  for  routine  production  of  a  biological. 
Toxicity  of  Type  K  toxin  was  Increased  30-  to  100-fold  by  treatment  with 
trypeln.  The  activation  procedure  allowed  attainment  of  culture  toxlclties 
of  the  aaaa  order  of  magnitude  as  those  obtained  with  Types  A,  B,  C,  and  D. 
These  results  provide  the  explanation  for  the  low  apparent^toxlelty  of 
Type  S  culture*,  an  observation  that  had  been  difficult  to  understand  in 
view  of  the  high  mortality  associated  with  outbreaks  of  Type  E  botulism. 

The  five  toxins  were  purified  by  chemical  methods  that  Included  an  Initial 
precipitation,  extraction  with  calcium  chloride,  one  or  two  repree iplcatlons, 
and  subsequent  resolution  Into  sn  appropriate  buffer  syatem.  Specific 
activity  of  the  purified  toxins  ranged  from  40  x  10*  mouse  intraperitoneal 
LDjg  (MIPIPja)  P*r  milligram  of  total  nitrogen  with  the  Type  C  to  approxi¬ 
mately  500  x  lef  MIPLDjj  per  milligram  of  N  with  the  Type  D  toxin. 
Ultracentrlfugal  analysis  showed  that  the  Types  A  anJ  B  sedimented  as  a  single 
boundary.  With  Types,  C,  D,  and  E,  the  major  sedimenting  boundary  represented 
80  to  90  per  cent  of  the  protein  concentr’tlon.  The  toxins  were  sterilized 
by  filtration  and  converted  to  toxoids  by  incubation  in  the  presence  of 
formalin.  Detoxification  reactions  deviated  markedly  from  first-order 
behavior . 

Toxin  preparations  were  usually  detoxified  In  the  presence  of  0.6  per  cent 
formalin  at  35*  to  37*C  and  pH  5.5  to  6.5  In  15  to  25  days.  Although  the 
toxins  were  initially  more  toxic  for  alee  than  for  guinea  pigs,  detoxi¬ 
fication  for  mice  occurred  more  rapidly  than  detoxification  for  guinea  pigs. 
Fluid  toxoids  were  readily  absorbed  on  aluminum  phosphate  prepared  as 
described  by  Holt®*  for  diphtheria  toxoids.  Absorbed  toxoids  were 
prepared  so  that  one  milliliter  of  final  toxoid  contained  7  milligrams  of 
edjuvant.  Thimerosal  )n  a  concentration  of  0.01  per  cent  was  used  as 
preservative.  Gentle  soaking  for  18  to  24  hoars  was  sufficient  for  adsorption 
of  the  toxoids.  Safety  testing  included  tests  for  the  presence  of  toxin 
and  standard  sterility  tests. 
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Procedures  developed  in  our  laboratories  at  Port  Detrick  were  sub¬ 
sequently  adapted  for  large-scale  production  by  Parke,  Davis  and  Company 
under  the  direction  of  Dr.  Henry  B.  Devlin.  Ur.lvalent  and  polyvalent 
preparations  of  adsorbed  toxoid  were  produced  for  experimental  use. 

Clinical  trials  with  the  toxoids  have  been  completed.  Toxoids  were 
administrated  in  alther  0.25-  or  O.S-allllliter  amounts  by  deep 
subcutaneous  Inoculation  in  ths  dtltold  region.  The  purified  toxoids  were 
wsll  tolera.ed  end  were  conaidered  satisfactory  clinically.  Considerably 
less  than  one  per  cent  of  those  inraunlied  have  shown  a  mil;'  local  reaction, 
a  transient  nodule  of  verying  size  that  persisted  for  approximately  two 
weeks. 

Individual  antigenic  r^-ponsee  to  botullnua  toxoids  were  dett-  mined  by 
serum  neutralization  tltra  on*  in  mice,  using  the  univalent  Porton* 
(British)  antitoxins  as  p ..=ary  reference  standard*,  Th<  Porton  antitoxins 
were  established  ee  International  Standards  et  th.a  fifteenth  Sesaton  of 
the  Expert  Committee  on  Biological  Standardization  World  Health  Organ¬ 
isation,  Ceneva,  December  1962.**  Purified  toxins  diluted  with  two 
parte  glycerine  end  stored  et  minus  20*C  were  etandard trad  agalnat  the 
reference  antitoxin*. 

The  unite  of  antitoxin  used  for  the  standardization  of  the  glycerlnated 
toxins  ere  presented  In  Table  I.  The  neutralizing  capacities  of  the  unit]* 
of  the  five  types  of  artltoxln  were  different,  but  at  t‘  ■  lavel  of 
standardization  each  antitoxin  neutrillzed  approx (- 1 1 - '  10  IDS  of  Its  I 

homologous  toxin.  j 


TABLE  I.  UNITS  f-'  •  ■TITOXIM  USED 
FOR  STAND  V  .  :  i  OF  TOXIN 


Type 


Units  of  Porton  Antitoxin 
Per  Milliliter 


A 

B 

C 

D 

E 


0.02 
0.005 
0.02 
0. 16 
0.0125 


★  Microbiological  Rose  arc  -.  Establishment,  Porton,  England. 
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In  preliminary  experiments,  guinea  pigs  Immunized  with  univalent  tc.<olds 
and  challenged  Intraperltoneal  ly  withstood  1  x  10s  to  1  x  lbd  hlPLDjj’a  of 
hooologou*  toxin;  the  antitoxin  titers  (of  each  type  at  the'  dime  of  challenge 
were  approximately  two  times  the  lowest  measurable  titer,  bhe  lowest 
measurable  titers  were,  therefore,  though  somewhat  arbitrarily,  selected  as 
satisfactory  antitoxin  levels. 

Serum  antitoxin  titers  of  Individuals  who  had  received  botullnum  toxoids 
were  determined  at  various  Intervals  after  primary  Immunization  and  again 
after  booster  immunization.  Efficacy  of  the  toxoids  Is  generally  expressed 
In  terms  of  percentages  of  Individuals  developing  these  or  greater  titers. 


III.  ASSESSIrTMT  t? i 


t 

The  first  studies  In  man  wero  carried  out  with  the  univalent  Type  A 
toxoid  containing  10.2  If*/ml.  Three  schedules  of  ltruiunlz.it ion  were  investi¬ 
gated:  0,  2,  4,  and  6  weeks;  0,  2,  and  4  weeks;  and  0  end  8  weeks.  The 
groups  consisted  of  11  to  35  psrsons.  A  single  Injection  produced  a  meas¬ 
urable  quantity  of  antitoxin  in  a  few  Individuals.  Although!  the  8-week 
injection  on  the  0-8  scheduls  appeared  to  have  seme  boostorlpg  effect,  the 
0-2-4-6  achedule  showed  the  highest  number  of  persona  with  measurable  titers 
at  12  weeks.  Toxoids  containing  1.7  and  0.34  i-f/ml  did  not  appear  to  be  a* 
satisfactory  for  rapid  Immunization  ss  the  10.2  Lf  toxoid.  Booster  Injections 
consisting  of  0.25  .milliliter  of  the  10.2  If  toxoid  were  given  to  all 
Individuals  five  to  seven  months  after  the  initial  Injection  of  toxoid. 
Satisfactory  cntitoxln  levels  were  present  In  all  persons  one  month  after  the 
booster.  Irrespective  of  the  primary  Immunization  schedule,  Although  the 
reduced  tf  toxoids  exhibited  3  high  booster  response,  the  Immunization  with 
the  10.2  Lf  toxoid  on  a  0-2-4-6  week  schedule  appeared  to  be  most  satisfactory 
for  rapid  Immunization.  Available  data  Indicated  that  with  the  10.2  Lf 
product',  post-booster  titers  were  maintained  at  a  satisfactory  level  for 
at  least  five  years. 

Two  purified  bivalent  Type  AB  toxoids  containing  10.2  Lf  of  Type 
A  and  16.2  Lf  of  Type  B  toxoid  per  milliliter  were  also  studied  in  man. 

Four  schediles  of  lmmuniz.it  Ion  were  investigated  In  groups  of  25  to  50 
Individuals  with  che  first  bivalent  prepa ra t ion :  0.5-ml  doses  were  given 

subcutaneously  at  0  and  8  weeks;  C  and  10  weeks;  0,  2,  and  10  weeks;  and 
0,  2,  4,  and  6  weeks.  A  0.5-ml  booster  dose  of  toxoid  was  given  one  year 
after  the  initial  Injection,  except  that  those  with  the  0-10  week  schedule 
boosters  were  given  afte-  six  months.  Serum  antitoxin  titers  W  individuals 
were  determined  two  to  three  weeks  after  th  initial  series  and  again 
eight  weeks  after  the  booster. 


*  The  If  value  of  a  toxin  is  the  number  of  units  of  antitoxin  with  which 
1.0  ml  of  toxin  f  loccul  :tes  in  the  shortest  intervil  of  time. 
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The  effect  of  schedule  on  the  primary  antitoxin  response  Is  shown 
in  Figure  1.  Tha  striated  bar*  represent  the  Type  A  response  and  the 
■olid  bars  represent  the  Type  B  response.  The  graph  shows  the  percentage 
of  persons  that  had  mensurable  Type*  A  and  B  titer*  following  Initial 
lmounlzatlon.  Number*  In  the  bar*  are  the  week*  after  the  Initial  Injection 
of  toxoid. 

The  percentage  of  lndlv*<H'> f*  having  demonstrable  titers  following 
the  initial  eerie*  of  injection*  depended  upon  the  immunization  schedule. 
Injections  administered  at  C,  .1,  end  1C  weeks  produced  the  greatest 
response*,  and  this  schedule  w.  selected  for  routine  Immunization  of  man. 

Although  not  shown,  is-rha  1  fcoo-ter  response*  were  obtained  In  all 
case*  irrespective  of  primer/  Immunization  schedule,  and  a  12-month 
booster  appeared  to  be  more  effective  than  a  six-month  booster.  Available 
data  showed  that  the  Typa  .  »nd  Typo  B  titers  wera  maintained  at  a 
satisfactory  level  for  at  lu.iev  two  years  after  the  52-veok  booster.  These 
results  Indicated  that  whan  a  rapid,  high  Initial  response  is  not  desired 
an  0-8  or  0-10  schedule  with  a  32-week  booster  would  be  quite  satisfactory. 

Experiments  were  then  conducted  to  extend  ob»  irvatlons  on  univalent 
Type  A  and  bivalent  Typo  18  taxalds  to  pentavsle-  :  preparations  containing 
the  five  purified  toxoids  In  combination  with  aluminum  phosphate.  On 
the  best*  of  exploratory  investigations,  two  combinations  of  the  five  toxoids 
were  formulated. 

The  composition  cf  the  first  pentavalent  preparation,  referred  to  as 
AUCD5-1,  Is  ehovn  In  Table  II.  Concentrations  of  Types  A,  B,  and  D  antigens 
ere  expressed  in  If.  Porton  encltoxlns  wera  used  for  the  If  measurements. 

The  Type  E  antigen  In  this  toxeld  was  expressed  ’  terms  of  If,  but 
difficulty  was  encountered  wlrn  the  flocculation  f  the  purified  Type  E 
toxins,  and  In  toxoids  6,  7 .  and  8  the  concentrations  of  Type  E  are 
expressed  In  terms  of  ot  the  purified  toxin  before  detox  If  Icj  t  Ion .  The 
purified  Type  C  toxin  did  njt  flocculate;  therefore,  the  concentrations  of 
all  Type  C  antigens  were  e  pressed  In  terms  of  tr»w  equivalents  also.  Five 
univalent  preparations  ve/e  also  prepared,  each  of  which  contained  the 
same  concentration  of  antigens  as  In  ABCDE-1.  A  second  pentavalent 
preparation,  ABCDE-2,  contained  each  toxoid  at  one-fifth  the  concentration 
present  in  the  flr3t.  All  toxoids  contained  seven  milligrams  per  ml 
of  al  umlnum  phosphate. 
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TABLE  II.  COMPOSITION  OF  THE  PENTAVALENT  TOXOIDS 


Type 

Concentration  of  Antigen 

A 

1.7  Lf  per  ml 

B 

0.34  Lf  per  ml 

C 

30,000  LDm  equivalents  per  ml 

D 

4.0  Lf  per  ml 

S 

3.0  Lf  per  ml  (ABCDE-1) 

100,000  LD*  equivalents  per  ml 
(ABCDZ-6,  -7,  «nd  -8) 

Seventeen  person*  vert  loaunlzed  with  the  ABCDE-1  toxoid  and  five 
or  alx  peraona  per  type  were  Immunized  with  the  univalent  control  toxoid* 
on  a  0-2-10  week  achedule.  Individual  titer*  were  determined  12  and 
32  week*  after  the  Initial  Injection;  booster*  were  given  at  52  week*,  and 
titer*  vere  determined  elaht  week*  after  the  booster  Injection. 

The  data  obtained  12  weeks  after  the  initial  Injection  and  eight  weeks 
after  the  booster  dose  are  presented  in  Table  III.  Antigenic  responses  to 
all  antigens  were  found  12  weeks  after  the  initial  Injection.  Though  not 
shown,  a  considerable  drop  In  titer  occurred  between  12  and  52  weeks.  Fifty- 
two  weeks  after  the  Initial  Injection  a  small  percentage  had  measurable 
Types  A,  B,  C,  and  D  titers  and  94  per  cent  had  measurable  Type  E  titers. 
With  the  administration  of  a  booster  all  titers  rose  above  the  levels  that 
had  been  obtained  at  12  weeks.  Eight  weeks  after  the  booster  one 
individual  immunized  with  the  pentavalent  toxoid  did  not  have  a  measurable 
Type  B  titer;  all  others  had  titers  to  all  antigens.  The  median  titers 
for  each  type  ranged  from  20  to  640  times  the  lowest  measurable  level.  The 
univalent  groups  were  not  large  enough  to  make  adequate  comparison  of  the 
univalent  and  pentavalent  response;  however,  statistical  analysis  by  the 
rank  sum  method  showed  that  Che  Individual  responses  to  the  pentavalent 
toxoid  were  generally  not  significantly  different  from  the  cot  responding 
univalent  responses  at  either  the  12-week  or  the  8-week  post-booster 
bleeding . 
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TABLE  III.  ANTITOXIC  RESPONSE  IN  MAN  TO  PENTA VALENT  TOXOID  ABCDE-1 


Bleeding 

Time 

Type 

Per  cent  with 
Measurable 

Porton  Units 

Per  Ml  of 

Serum 

Titers 

Median 

Range 

A 

65 

0.05 

<0.02 

-  0.3 

B 

62 

0.03 

<0.005 

-  0.2 

12  weeks 

C 

8S 

0.2 

<0.02 

-  1.2 

D 

47 

<0.16 

<0.16 

-  1.9 

E 

94 

0.3 

<0.0125 

-  2.0 

A 

100 

0.6 

0.03 

-  6.4 

B 

94 

0.1 

<0.005 

-  1.3 

8  weeks 
post- 

C 

100 

1.2 

0.1 

-  13.3 

booster 

D 

100 

4.0 

0.5 

-51.2 

E 

100 

8.0 

0.3 

-80.3 

A  major  objective  of  our  program  was  to  obtain  a  high  percentage  of 
per.'ions  with  measurable  levels  of  antitoxin  after  the  Initial  series  of 
Injections.  Preliminary  data  Indicated  that  an  increase  In  time  between 
the  second  and  third  Injection  In  the  Initial  series  would  Increase  the 
percentage  of  Individuals  with  measurable  titers.  Three  additional 
pentavalent  toxoids  were  studied  simultaneously. 


Groups  of  30  persons  were  immunized  with  ABCDE-6,  -7,  and  -8  on  a 
0-2-12  week  schedule;  *  0.5-ml  booster  was  given  52  weeks  after  the  initial 
injection.  All  individuals  were  bled  14  and  52  weeks  after  the  initial 
injection  and  eight  weeks  after  the  booster.  Antitoxin  titers  were 
determined  for  each  type  on  each  serum. 

The  percentage  of  individuals  exhibiting  mearurable  titers  two  weeks 
after  completion  of  the  initial  serlss  with  each  of  the  pentavalent  toxoids 
la  presented  in  Table  IV.  The  data  obtained  wi'h  tho  AECDE-1  toxoid  are 
also  presented  for  comparison.  Two  weeks  aftez  completion  of  the  Initial 
series  a  large  proportion  of  the  individuals  had  titers  to  all  types  regard¬ 
less  of  the  toxoid  used.  Response  to  the  Type  C  antigon  was  excellent  in 
all  preparations  and  high  percentages  of  individuals  had  Typ-s  A,  B,  and 
K  titers.  The  poorest  response  was  exhibit’d  with  the  Type  D  antigen.  The 
median  titers  ranged  from  less  than  measurable  with  the  Type  D  to  as  high 
as  24  times  the  measurable  level  with  Type  E. 


TABLE  IV. 

COMPARATIVE  INITIAL  RESPONSE 

3  IN  MAN  TO  FOUR 

PENTAVALENT 

TOXOIDS-^ 

ABODE- 1 

ABCDE-6 

ABODE- 7 

ABCDE-8 

Type  A 

X  Measurable 

65 

90 

97 

31 

Median,  units/ml 

0.05 

0.2 

0.2 

0.03 

Type  B 

X  Measurable 

82 

93 

80 

59 

Medlar^  units/ml 

0.03 

0.03 

0.02 

0.008 

Type  C 

X  Measurable 

88 

ICO 

87 

89 

Median,  units/ml 

0.2 

0.3 

0.1 

0.1 

Type  D 

X  Measurable 

47 

79 

60 

52 

„ 

Median,  unit3/ml 

<0.  16 

0.5 

0.5 

0.2 

Type  E 

X  Measurable 

94 

100 

90 

63 

Median,  units/ml 

0.3 

0.2 

C.08 

0.02 

a.  Toxoid 

1  -  0,  2,  10  week 

schedule. 

Toxoids 

6,  7,  and  8-0, 

2,  12  week 

schedule. 
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The  general  trend  appeared  to  be  toward  an  Increased  response  with  the 
0-2-12  week  schedule  and  this  was  selected  for  routine  immunization. 

Although  net  shown,  all  titers  declined  between  14  and  52  weeks  and  only  a 
small  portion  of  the  individuals  had  measurable  titers  at  52  weeks. 

The  data  obtained  eight  weeks  after  the  52-week  booster  are  shown  in 
Table  V.  It  may  be  seen  that  a  booster  given  at  52  weeks  was  very  affective 
•nd  with  toxoids  -6,  -7,  and  -8,  all  except  three  titers  were  measurable  eight 
weeks  after  the  booster.  The  median  titers  and  percentages  with  measurable 
titers  are  summarized  here.  In  all  cases  the  median  titers  were  less  than 
the  mean  titers;  the  means,  though  not  shown,  ranged  from  1.3-  to  5.5-fold 
of  tha  median  titers.  After  the  initial  series  median  titers  were  2  to  16 
times  the  lowest  measurable  level;  after  the  booster,  they  ranged  from  10- 
to  100-fold  the  measurable  level.  Responses  after  the  booster  were  similar 
to  those  obtained  with  toxoid  -1. 


TABLE  V.  COMPARATIVE  BOOSTER  RESPONSES  IN  MAN 
TO  FOtT.  PE.’fTAVALENT  TOXOIDS 


ABODE- 1 

ABODE- 6 

ABODE- 7 

ABODE- 

Type  A 

Z  Measurable 

100 

100 

100 

100 

Median,  units/al 

0.6 

2.1 

2.1 

0.8 

Type  B 

1  Measurable 

94 

100 

86 

94 

Median,  unlts/ml 

0.1  * 

0.3 

0.2 

0.03 

Type  C 

Z  Measurable 

100 

100 

100 

100 

Median,  unlts/nl 

1.2 

1.2 

0.8 

0.6 

Type  D 

Z  Measurable 

100 

100 

89 

100 

Median,  units, 'ml 

4.8 

2.4 

1.2 

2.0 

Type  E 

Z  Measurable 

100 

100 

ICO 

100 

Median,  unlt3,'ml 

8.0 

1.0 

0.2 

0.2 

17 


IV.  EFFICACY  OF  TO*. PIPS  IN  ANIMALS 


Throughout  the  development  and  evaluation  stu.'ea,  attention  was 
given  to  the  response  of  laboratory  animals  to  botulinurn  toxoids.  In 
animals  estimation  of  the  antigenicity  of  botulinurn  antigens  is  based 
not  only  on  development  of  serum  antitoxin  titers,  but  also  on  development 
of  resistance  to  challenge  with  toxin.  Titrations  carried  out  in  mica 
showed  the  absorbed  toxoids  to  be  highly  antigenic.  Maximum  protection 
to  Intraperltoneal  challenge  was  obtained  three  to  five  weeks  after 
Immunization.  At  thle  time  the  Immunized  animals  survived  1C?  to  1  Cr 
ooute  LT„.  Addition  of  tha  aluminum  phosphate  adjuvant  markedly  Increased 
ths  antigenicity  of  the  toxolda  for  mice.  With  the  Type  C  toxoid,  pro¬ 
tective  activity  of  the  adsorbed  preparations  waa  approximately  30  tlmea 
as  great  aa  that  obtained  with  the  non-adsorbed. 

Karly  In  our  studies  conaidoratlon  was  given  to  the  relationship 
between  the  aerum  antitoxin  titer  and  Che  degree  of  resistance  to  botu- 
linuw  Intoxication.  Experiment!  wars  carried  out  In  guinea  pigs,  which 
were  lnnunlzed  subcutaneously  with  aluminum-phosphate- adsorbed  univalent 
toxoids  and  challenged  Intraperltoneal?/  with  homologous  toxin.  Serum 
semplee  were  obtained  the  day  bef^r-  challenge  for  antitoxin  determlnat tuns . 
figure  2  shows  the  rsslstance  to  ln« r  ip^rltnneal  challenge  as  s  function 
at  antitoxin  titer  in  guinea  pigs.  Antitoxin  titers  are  shov.n  on  tha 
horizontal  axis.  Arrows  on  this  axis  designate  the  lowest  measurable  titer 
for  each  type  of  antitoxin.  The  30  per  cent  survival  end  point,  expressed 
In  KIPIDja,  Is  shown  on  the  vertical  axis.  Hots  that  as  sntltoxln  titer 
Increased,  the  level  of  resistance  also  Increased  and  In  several  cases 
appeared  to  reach  a  maximum. 

Additional  studies  were  carried  out  in  rabbits  and  guinea  pigs  to 
determine  the  antigenic  response  to  univalent  Jnd  pentavalent  toxoids  as  a 
function  of  type,  dose,  time,  and  a  booster  dose  of  toxoid. 

Separate  groups  of  rabbits  and  guinea  pigs  were  given  subcutaneous 
Injections  of  the  AECDE-1,  and  2  ar.d  of  the  five  univalent  control  toxotds 
described  earlier.  A  booster  dose  was  given  to  rabbles  after  90  days 
and  to  guinea  pigs  after  180  day3.  Antitoxin  titers  were  determined  at 
Intervals  after  immunization. 

A  comparison  of  the  Type  B  antitoxin  response  in  rabbits  to  the 
univalent  and  pentavalent  toxoids  13  shown  in  Figure  3  to  illustrate 
the  nature  of  the  responses.  The  maximum  response  to  the  Type  B 
antigen  In  rabbits  to  a  single  Injection  of  univalent  or  pentavalent 
toxoids  was  obtained  in  approximately  50  day3.  In  no  case  did  the  response 
Co  the  B  antigen  In  the  pentavalent  preparations  reach  that  obtained  to  the 
univalent  antigen.  Response  to  the  B  antigen  in  the  -2  tcxold  was  also 
lower  chan  the  response  to  this  antigen  In  the  -1  toxoid.  Titers  Increased 
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following  the  90-day  booster  Injections.  It  may  be  seen  that  responses  par¬ 
alleled  each  other,  both  before  and  after  the  booster  Injections,  and  that 
the  beat  booster  response  was  obtained  with  the  ABCDE-2  toxoid.  The  results 
obtained  In  guinea  pigs  were  generally  similar.  Though  not  shown,  sll 
toxoid  components  given  individually  or  In  combination  stimulated  satisfactory 
antitoxin  responses  following  primary  Immunization,  and  the  titers  Increased 
following  booster  Injections.  Antibody  formation  was  more  rapid  with  the 
•ore  concentrated  pentavalent  toxoid  In  both  rabbits  and  guinea  pigs.  The 
results  In  both  species  are  summarized  in  Table  VT. 


TAJ  IS  VI.  MAX I  MX  INITIAL  ANTITOXIN  RESPONSE  TO  ABODE- 1 
RELATIVE  TO  UNIVALENT  CONTROLS 


Type 

Titer  with  Pentavalent/Titer  with 

Univalent 

Rabbits 

Culnea  Pigs 

A 

101 

140X 

B 

141 

4X 

C 

95X 

20X 

D 

33X 

14X 

K 

37X 

20X 

With  few  exceptions  the  results  Indicate  that  formation  of  individual 
antibodies  was  decreased  when  the  toxoids  were  given  in  a  pentavalent 
combination.  The  repression  appeared  to  be  less  marked  during  the  secondary 
response  following  booster.  In  general,  a  slower  rate  of  antibody  formation 
and  a  more  marked  repression  were  observed  In  guinea  pigs  than  in  rabbits. 
Data  are  not  available  for  conversion  of  the  antitoxin  units  to  weight  units, 
and  accordingly  the  total  amount  of  antibody  produced  in  response  to  the 
pentavalent  combination  cannot  be  compared  in  absolute  terms  with  the 
univalent  controls.  It  appears,  however,  that  the  total  antibody  response 
to  the  combination  was  not  greatly  different  from  that  to  the  univalent 
antigen.  It  seems  probable  that  the  decreased  individual  responses 
represented  a  competition  of  the  antigens  for  the  antibcdy-forming 
mechanism,  or  possibly  for  the  adjuvant  activity  of  the  aluminum  phosphate. 
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To  further  avaluat*  the  efficacy  of  botulinum  antigens,  consideration 
vii  given  to  the  realstance  afforded  Immunized  animals  to  challenge  by 
various  routes.  I 

It  has  been  established  that  inhalation  of  botullnum  toxins  Immoderate 
doses  is  lsthal  to  laboratory  animals.94  It  seemed  possible  that  J  { 
respiratory  challenge  might  provide  a  more  severe  test  of  the  efficacy  of 
toxoids  than  challenge  by  other  routes.  Support  for  tnls  view  was  provided 
by  Iakolev's4*' **  finding  that  higher  levels  of  antitoxin  were  required 
for  prophylaxis  against  Inhalation  of  botullnum  toxin  than  agelnst  other 
routes.  Z  would  Ilka  now  to  present  to  you  results  of  soma  of  our  studies 
to  determine  resistance  afforded  actively  Immunized  guinea  pigs  to  chal¬ 
lenge  with  botullnum  toxin*  by  varioua  route*. 

Th#  toxins  used  in  our  initial  studies  were  produced  from  cultures 
grown  in  cellophane  tubing  immersed  in  nutrient  medium.  Cultures  were 
clarified  by  centrifugation  and  used  without  further  concentration  or 
purification,  since  unaltered  cell-free  preparations  were  considered  to  be 
■oat  suitable.  Type  E  toxin  was  activated  with  trypsin  prior  to  clari¬ 
fication  of  culture  and  subsequently  stored  in  the  frozen  state.  0 

Intraperltoneal  and  oral  LIXjj  estimates  of  toxins  were  determined  in  mice 
and  guinea  piga.  Respiratory  ID,,  estimates  were  determined  in  guinea  pigs 
exposed  bodily  to  static  aerosols  of  the  toxins.  Here  than  60  per  cent  of 
tha  particle*  in  the  aarosola  were  five  microns  or  less  in  diameter^  The 
guinea  pig  inhaled  dose,  in  terms  of  K1P1DM  units,  was  estimated  by  j 
titration  of  the  collecting  fluid  from  impinger  samplers.  Serum  antitoxin 
titers  of  the  immunized  animals  were  determined  on  sera  obtained  by  cardiac 
bleeding  of  the  animals  the  day  before  challenge. 

Before  immunized  guinea  pigs  were  challenged,  the  toxlcltles  for 
normal  guinea  pigs  were ’determined  In  term3  of  mouse  LDM  units  and  were 
then  translated  into  guinea  pig  units.  These  estimates  for  the  five  toxins 
administered  by  the  various  routes  are  summarized  in  Table  VII.  The  results 
are  expressed  in  mouse  intraperltoneal  LDM.  Asmay  be  seen,  the  animals  were 
most  susceptible  by  the  intraperltoneal  route,  as  expected,  and  were  more 
susceptible  to  toxin  administered  by  the  respiratory  route  than  by  the 
oral  route. 

Expression  of  the  respiratory  LDM  estimates  in  terms  of  guinea  pig 
intraperitoneal  LDM  revealed  that  guinea  pigs  show  essentially  similar 
susceptibility  to  the  five  toxins  administered  by  the  respiratory  route. 

The  respiratory  susceptibility  is  more  closely  related  to  the  oral 
susceptibility  than  to  their  intraperltoneal  susceptibility  with  four  of 
the  five  types. 
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TABLE  VII.  TOXICITY  OP  BOTULINUM  TOXINS  POR  THE 
;  CUINEA  PIG  BY  VARIOUS  ROUTES 


Type 

Toxicity  In  KIPLD*,  Unit 

s 

IP 

Respiratory 

Oral 

A 

. 

3.2 

141 

717 

B 

4.2 

330 

306 

C 

1.6 

87 

177 

D 

4.1 

186 

436 

E 

34.3 

778 

178,000 

In  our  first  aeries  of  experiment*,  groups  of  guinea  pigs  w*r*  Immunized 
by  the  subcutaneou*  route,  each  with  a  elngle  Injection  of  univalent  toxoid. 
Each  of  the  unlvalently  Immunized  group*  of  guinea  pig*  va»  divided  Into 
three  subgroups,  which  were  challenged  36  to  40  day*  after  Immunization  with 
homologous  toxin  by  the  oral,  respiratory,  and  lntraperltoneal  routes 
respectively.  Normal  control  groups  were  challenged  in  the  same  manner. 


The  respiratory  challenge  results  are  summarized  In  Table  VIII.  Average 
antitoxin  titers  and  the  range  of  tlter3  obtained  for  each  type  of 
immunization  are  shown  In  the  second  column.  The  challenge  doses  are  shown 
in  the  third  column.  Note  that  In  this  and  all  subsequent  tables  the 
challenge  doses  are  expressed  in  terms  of  guinea  pig  LDM  by  each  route. 
Challenge  results  and  per  cent  survivals  are  also  shown.  Note  that  79  to 
91  per  cent  of  the  actively  immunized  guinea  pigs  survived  this  level  of 
respiratory  challenge.  Although  not  shown  In  Table  VIII,  70  to  100  per  ee.it 
of  the  subgroups  challenged  by  the  lntraperltoneal  and  oral  routes  respectively 
survived  challenge  of  10*  Co  10s  LDjo. 


Average  antitoxin  titers  ranged  from  10  to  50  times  measurable  levels, 
and  although  a  considerable  variation  In  antitoxin  titers  was  obtained,  the 
high  percentage  of  survivors  made  It  Impractical  to  test  for  a  relationship 
between  serum  antitoxin  titers  of  individual  animals  and  resistance  to 
challenge. 


TABLE  VIII.  CUINEA  PIC  RESPONSE  TO  AEROSOL 
CHALLENGE  WITH  BOTULINUM  TOXINS 


Toxin 

Type 

Antitoxin 

Titer 

Respiratory 

Challenge, 

LOjg  units 

No.  Survivors 
Totsl/Exposed 

Per  Cent 
Survival 

A 

0.3 

<0.04-0.96 

5 

40/44 

91 

3 

0.059 

<0.005-0.8 

7 

30/38 

79 

C 

0.4 

<0.02-1.9 

8 

38/44 

86 

D 

6.1 

<0.32-21 

9 

35/39 

90 

E 

0.29 

<0.025-2.0 

3 

26/32 

81 

It  appeared  evident  from  these  results  that  higher  levels  of  challenge 
would  be  necessary  to  determine  the  magnitude  of  resistance  to  respiratory 
challenge.  A  second  test  In  this  series  of  experiments  was  designed 
to  accomplish  this. 

Groups  of  guinea  pigs  were  Immunized  with  either  univalent  Type  D 
or  pentavalent  botullnura  toxoids  and  subsequently  challenged  with  graded 
doses  of  toxin  by  the  respiratory  route.  Type  D  wa3  selected  because  the 
toxicity  of  the  culture  permitted  higher  challenge  doses.  Immunization 
with  pentavalent  toxoid  was  included  so  that  effectiveness  of  an  antigen 
in  a  multivalent  preparation  and  a  univalent  antigen  could  be  compared. 
Results  of  this  test  are  shown  in  Table  IX. 

The  type  of  immunization  is  shown  in  the  first  column.  One-half 
milliliter  was  employed  as  an  Immunizing  dose  for  the  univalent  group  and 
for  the  first  pentavalent  group,  and  these  groups  were  challenged  40  days 
after  immunization.  The  second  pentavalent  group  received  1.0  milliliter 
as  an  immunizing  dose  and  was  challenged  50  days  after  immunization. 

Subgroups  were  challenged  with  graded  doses  of  Type  D  toxin  by  the 
respiratory  route.  Smaller  groups  of  guinea  pigs  immunized  in  the  same 
manner  were  challenged  by  the  intraperitoneal  and  oral  routes. 
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TABLE  IX.  CHALLENGE  OF  IMMUNIZED  GUINEA  TIGS  WITH 
TYPE  D  TOXIN  BY  THE  RESPIRATORY  ROUTE 


Type  of 
Immunization 

Antitoxin 

Titer 

Respiratory 

Challenge, 

LDX  unite 

No.  Survivors 
Total/Expoaed 

Per  Cent 
Survival 

3.8 

22 

40/40 

100 

Univalent 

162 

40/40 

100 

(0.5  *1) 

3.2-5. 1 

2100 

40/40 

100 

0.63 

26 

20/20 

100 

Pentavalcnt 

277 

20/20 

ICO 

(0.5  ml) 

<0.16-1.9 

2090 

16/20 

80 

26 

20/20 

100 

Pentavalent 

1.5 

230 

20/20 

100 

(1.0  al) 

0.32-5.8 

1980 

20/20 

100 

None 

- 

1 

6/20 

30 

The  second  column  shows  the  average  antitoxin  titers  of  serum  pools 
obtained  the  day  before  challenge  end  the  range  of  titers  obtained  on  these 
pools.  Challenge  results  and  per  cent  survivals  are  shown  In  the  next  columns. 
Essentially  all  of  the  actively  immunized  guinea  pigs  survived  20  to  2000 
respiratory  LDyj.  Although  not  shown  in  Table  IX,  60  to  100  per  cent  of 
comparable  immunization  groups  survived  10s  guinea  pig  LD^  when  challenged 
either  by  the  intraperitoneal  or  by  the  oral  route. 


Additional  experiments  were  conducted  with  dynamic  aerosols  generated  in 
the  Henderson  apparatus.  Groups  of  guinea  pigs  were  immunized  with  a  0.5-ml 
dose  of  pentava lent  toxoid  and  challenged  after  40  days  with  a  single  type 
of  toxin  by  the  intraperitoneal,  oral,  and  respiratory  routes. 

Table  X  presents  a  summary  of  the  results  obtained  with  the  Types  A 
and  D  challenges.  The  immunization  of  guinea  pigs  with  pentavalent  toxoid 
afforded  a  high  level  of  protection  to  challenge  by  the  three  challenge  routes 
employed.  Resistance  to  challenge  by  the  respiratory  route  was  similar  to 
resistance  to  challenge  by  the  intraperitoneal  and  oral  routes.  Essentially 
similar  results  were  obtained  with  the  Types  B,  C,  and  E  toxins. 
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TABLE  X.  RESISTANCE  AFFORDED  PENTAVALENTLY  IMM1NIZED 
CUINEA  PICS  TO  CHALLENGE  BY  VARIOUS  ROUTES 


Toxin  Challenge  Challenge  Result* 


Type 

Route 

ID* 

Survlvors/Total 

Per  Cent  Survival 

Intraperi toneal 

3  x  If? 

3/15 

53 

A 

Oral 

5  x  l(f 

15/16 

94 

Respiratory 

3  x  10* 

11/12 

92 

Intraperltoneal 

2  <  10® 

8/14 

37 

D 

Oral 

4  x  10* 

8/10 

80 

Respiratory  2  x  10* 


6/13 


46 
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V.  DISCUSSION 


Dr.  Murray:  Thank  you  vary  ouch.  This  paper  la  now  open  for  discussion 
and  comment*.  Ic  certainly  haa  Indicated  the  poaalbllltlea  of  active 
immunization  and  much  of  the  data  presented,  at  least  In  the  caae  of  animals, 
would  Indicate  the  relationship  of  the  antibody  level*  that  oust  be  present 
to  protect  agalnut  the  different  amounts  of  toxin  given  by  different  routes. 

I  think  this,  In  Itself,  la  Important  Inform at  Ion . 


Q.  Dr.  Rogers  -  Nashville.  Mr.  Cardella,  I  aa  very  Impressed  with  the 
total  response.  Did  you  do  any  studies  on  the  Incidence  of  antibody  respon,- 
after  the  first,  second,  and  third  shot  of  toxoid  In  your  studies? 

A.  With  regard  to  the  pentavalent  Immunizations,  we  have  not.  However, 

In  •  scall  group  of  individuals  antitoxin  titers  were  determined  following 
immunization  with  the  univalent  ar.d  the  bivalent  antigens.  There  were 
Indications  that  a  very  smalt  percentage  developed  antitoxin  titer  after  a 
•Ingle  Injection  of  a  more  concentrated  toxoid.  A  higher  percentage  had 
tltera  after  the  eecond  and,  of  course,  a*  described,  after  the  third  Injection 
or  after  a  fourth.  A  higher  proportion  has  measurable  titers  after  the 
Series  and  this,  as  I  described,  was  the  bail*  for  spacing  the  Injections  to 
actually  take  advantaga  of  what  appeared  to  be  anamnestic  reactions. 


Q.  From  the  audience:  Mr.  Cardella,  my  question  is  -  how  did  you 
•atabllsh  the  dose  that  you  appltcJ  In  the  inhalation  challrnge? 

A.  T.ils  was  done  by  first  determining  the  breathing  rates  and  volumes 
of  the  animal*  exposed  to  the  aerosols.  During  animal  exposure,  concentration 
of  toxin  In  the  aerosols  was  determined  by  obtaining  air  samples  In 
appropriate  pra-rated  air  samplers  cont  lining  collecting  fluid,  this  fluid 
was  titrated  for  toxin  concent r  it  Ion .  Eitlmites  of  animal  dose  Inhaled  were 
made  from  the  data  obtained  based  upon  the  relationship  between  concentration 
of  toxin  per  volume  of  air  sampled  ar.d  volume  of  air  Inhaled  by  the 
animals . 


Q.  From  the  audience:  Could  you  say  something  about  possible  reactions 
to  the  toxoid? 

A.  We  have  seen  what  ue  consider  to  be  mild  to  moderate  local  reactions. 
X  think  some  of  you  may  have  observed  this.  It  has  been  described  as  a 
small  nodule  of  varying  size  that  persists  for  varying  periods  of  time. 
Incidence  of  this  with  the  pentavalent  tC“old  is  about  one  per  cent. 
Approximately  1000  Individuals  have  received  this  toxoid.  Indications  are 
that  the  percentage  of  reactions  to  the  pentavalent  may  be  slightly  higher 
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than  to  our  univalent  or  bivalent  preparations.  This  may  be  due  to  the 
adjuvant,  which  ha*  been  modified  slightly.  We  are  now  using  a  Holt'a 
#*v*n-«lghth  aluminum  phosphate  gel,  which  la  essentially  seven-eighths 
alunlnun  phosphate  and  one-eighth  aluminum  hydroxide.  The  previous 
phosphate  was  essentially  all  ortho-phosphate.  1  might  point  out  that  In 
our  pentavalent  preparation*  the  Types  C,  D,  and  E  antigens  were  not  taken 
to  the  degree  of  purity  that  the  A  and  B  were.  It  la  possible  that  Inclusion 
of  one  of  these  antigen*  might  account  for  the  slightly  higher  reaction 
rat*.  It  appears  to  be  at  a  relatively  low  rate,  however. 


Q.  I  am  Or.  Petty  from  Baltimore,  Hr.  Cardella.  1  wanted  to  thank  you 
fur  e  very  Interesting  and  very  beautifully  presented  paper  that  Interested 
meet  of  ua  hare.  I  have  one  question.  Old  you  see  any  total  failures  of 
response  In  human*  to  the  pentavalent  toxoid  and,  If  so,  can  these  be 
explained  In  any  manner  and,  secondly  and  part  of  this  same  question,  would 
you  consider  that*  peopl*  rsslstant  to  botullnua  toxin? 

A.  W*  hsv#  seen  lack  of  respons*  to  any  antigen  In  tha  primary 
Immunization*.  W#  have  followed  epproxlmately  120  individuals,  and  four  of 
these  ahowed  no  raapona*  to  any  of  the  five  entlgen*  after  the  Initial  series. 
I  might  point  out  that  approximately  41  per  cent  ahowed  titer  to  all  five 
antigens  and  at  least  79  per  cent  showed  measurable  titer  to  at  least  four 
of  the  five  antigen*.  The  Incidence  of  no  measurable  response  was  fairly 
low. 


Failure  to  demonstrate  antitoxin  titers  following  toxoid  Injections 
could  be  attributed  to  the  limit  of  sensitivity  of  the  neutralization  test 
employed  to  measure  titers.  With  regard  to  considering  these  people 
resistant  to  botullnua  toxin,  It  can  be  pointed  out  that  laboratory  animals 
with  no  demonstrable  antitoxin  titers  following  an  Injection  of  toxoid  were 
resistant  to  tcxln.  In  fact,  the  apparent  non-responder,  may  have  produced 
antitoxin  that  Is  not  measurable  by  our' test.  For  the  absolute  non-responder 
I  would  not  recommend  a  willful  exposure  to  toxin. 
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